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METHOD OF P!iDDUClH<3 $HA?BD 
HY PR ATED Gfe^LQIUK SILICA^^g jE>f<ODaCTg 

BackgroTjri a: p_£_tlig TnventJCop 
Field D± ^ ^Yg"£?£T? 

Thia invention r^l^teja to a iiitettiqd far tjie 
productign of shaped artlclee forraod from calcium 
siXJLciSitG slurries* 

Shaped calcluioj silicate products are wld&ly 
used/ particiuiarly as ine-ulation materials. These 
products are coiamonly forifted by ctwfitoining a sourco o£ 
oalolm 03iitla r such lime, v/itbi a ailicreoua material, 
Buoh as a arid p in ttis presence of v/ater. On hfiitiiig this 
Kilarture in an ai^toclave^ a v^i^ty orystalline forms 
o£ o&lcium flllicata may bs forniEd, depending upcui the 
teic^pexatur&r prassurcp length of r^Actictt tiwa* and w^ter 
conoantrDtion uged. Fibrow materials r fluah afl aBbe^toe, 
which air& not aflvsrsaly &£f acted by Ui.e reaction condi- 
tion e may be incorporated into the mixture prior to pro- 
cess ing. The xeaotlon product of tht5 processing is 
get^e^ally an aqueous slurry o£ hy<S rated eal&ium silicate 
«y«tftl& tfitU which will bo Intftrwixod any fitarouo com- 
ponent a present* this slurry ia cast into irolds and ia 
driBd* usually by the application of heat, to foriti th^ 
degiXQd ^nUhed shaped objects. 

nSio prooe&iirijg to form the crystalline materials 
in tha slurry is usually quite txTna-cDiisuming &nd re- 
quired large aiad expensiTO o£ processing equipment - 
Much affort^ therefor© ,r id directed towaxMi improving the 
proofiss conditions ^dsr tshich dyatallizatlcn takes place 
and also shortening the period o£ tiiaa reijuired to pr«- 
duoe a finished hydrate* A desirable improvement would 
be Otne Which pemdtted a reduction in the si«e of pro- 
oasaing eqfuipsient tfUile maintaining the eamo or increaeed 
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^ throughputs vhich would r^uce the capital investment 

required to parfom the pro 0*9 s r Further; inpcovcd piXJ- 

ce55©fl vhich iBsaen the Butkouttt d± time r&qulr&d to taKe 

tho d lurry from ambient conditional througli the cryatalli- 

Kation stop, and return to ambient conclitiona , would re- 
sult both in more efficisnt and economical utilisation 

ot fcho eguipntent and alsg in an incr eased output of 

finished product. Ccjnaequ&ntly , a process whioh will 

aoooiftpllBh all of the objects would be highly ^osirable. 
10 In addition, aucih an improved process ehouid 

Be«fc to overoomQ partioular process ing probletna found 

in ^rior art proceesies^ One serious problem odours 

upon completion o£ cryctdllization vjhan one eee^cs to 

jreduoa the pressure within tho &utoclavft an<a cool the 

slurry to rstum it to atnfoient conditions. S imply 

allowing the steam pareeeure to be reduced 3by oooling 

is very slow and inofficieat, for the heat transfer 

from the hot ^ueous slurry througii the tnigic autoclave 

wells to the atmoaphere ie vary.alov- Consequently, It . / 

2D tiaa h&en tho pr^ctioe ot opora-tora in tho p^et to vent \. . 

the a team pnaasura to tha Atmoaphere, since the orys- ii^ 

talliz^tion raaotion coriaally proceeds at temipBi-atur^s 
, Well abova the boiling point of wator under atmospheric 

pressure, this madden release of ateam pressure oauses 

tha hot aqueous alurry to boii violently. This violent 

boiling, in turn, fracture^ many of the newly forxaed 

crystals, thus defeating jmach of the prior oareful 
\. oryatalli;;ation procegBing* Further ^ the venting of 

• e team to the atmospihexG ie quite w^a^teful of heat energy* 

Ml Pggcription of the Prior Act 

r A Wide v^iety of crystal lino forms of hydratdd : 

calcium silicate are deficribad by Baylor, J. of tepl, chein, , 
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1 10, 31:? CAUg.^ 19fi0) , Humerous patents disclose tiia 

hydrotharmal formation o£ the varloua caloium siiiqato 
liydrates; repixe stint at ive cic^tmples Ineluds t), JiAisBue 
Patent I9,Q0B and V. fl. Patents 2, 215, 091 f Z,$$5,9$Cr 
2rd99,D97, 3,116,1S$ and 3,501,324* U. S. Patents 
2,fi65,99fi and 3,5D1,324 aieo describe incorporation of 
fibrous roinforcewfenta, such as asbesboi* or celluloflep 
into the slurry of Initial reactanta prisOr to the liydro- 
th^rinal cryataXlization stop. 

It has nat h^en discovered that the advantages 
of ireduced proc^a^ing time, less Goatly and masaive pro- 
oesaingr equipmant, better product forroation, and raorc 
affioient processing cajx be cDbtsiiwod by the process of 
this invQi^tion* in this prociesa, ^ highly oonc^ntrated 
fcqueoua sluicjcy of a apurco of calcium oxide and a gili- 
ceous material 18 hydxothermally reacted in the preaence 
q£. saturated staaTo under el&vatod pr^asuro in a pressure 
veaaei to form orystalUn© cMcium silicate. Following 
forin&tiou of the desired crystalline calcium silicate 
hydratd^ the st^aito input ia halted and low tefflparatura 
watftr iB gradually added to the reaction mixture within 
ths prasBurs veaeel until auf ficient water has been added 
to dilute thd czygtalline slurry to the desired {Jegrse 
Of concentration for subsoyu&nt molding operatlona , V'* 
The incoming water ooxidansds the strain in tho preasuxe 
veasel, ainwiltaneouBly redwing the pressure within the 
veBsel and cooling ths erystal- containing slurry. The 
gradual ciioliji^ and depress utiz at ion effectively eliwii- 
^ nataa diBniption of the crystal atruotura fotEited* In '?";*" 

addition, th« period of time require to raise the reaction - 
mixture frcM ambient conditions to orystaLUzation re&ction 

"3- ' . 
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: 1 Cflnditiona ia eubstatitially raduced, for the ajnpunt of 

vrator present vfhich must be heatad la significantly less 
that! in the prior* art proceeesa. 
V Detailed Pcscriptjon of the Jn vent ion 

I proceaa gf thia inveution p^rroit© 

<; officient forjnation of aha^^ea calcium sillCAte hydrate 

X 

I articles whioh iftay, if ddftlred, contain fibrous reinforce- 

ft 

rosnt. pqcocasaxng oo|uli;)imeTit can bij utilized in a more 

I efficient mannar than oould tha equipwent fcr operAting 

I M> prioi: ftrt proaesees* in that overall x^iaction tinier can 

r toe subataiktially refiucod^ v^hioh in turn perMts increased 

3 production ratQS- Further, since the volume of Matsrial 

\ 

I? handled under high pregeura conditions is Bignlfioantly 

losfl than thAt handled in prior art proce^gei?, the toIutos 
reaction veasaas atid csons^quantly their maaa can 
aIbo be fliqniflcantly redwed, thug leading to a sub- 
stantial reduction in capital investment » 

Ilk addition to tti6 9\A>9tantial prooesfiing 
adv&ntagesr higher quality products laay also be Ql>tainfiel 
SO by tti6 iuroGGsa of this invention* The proc&ea of this 

invention Bliminatee the step cequirdd in previous pro- 
oaasBB in which high pressure st^am was vanted to tho 
atmoHid:i6i:e «t tha end of the crystal lifcation rGaotiaji 
to reduce the pr^asui^e within the preaeure vessel. This 
abruj^t reduction of pxesaure caused violejjit boiling in 
th» aqueous inasd cf crystals, wJiieh in turn CAuaad serious 
disruption and fracturing of th« newly foriHGd crystals* 
The process o£ this in\r«ntion permits a gradual decrease 
in pressure within the pr fissure vofts^ aTid so avoide dainag- 
Ad in^ turbulence in the cryatal containing slurry - 

These advantdqes are acc?oi5pllsh«a by the pro- 
cess of this invention, vltijcix is a process far forcing 

-4- 
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shAp«<i hydxated calcium silicate objects and which com- 
prifesBs a} forming a c?oncentrafce4 aqueoiqg ^flurry of a 
silineous material and a pt>iarce of calgium oxide^ b) heat- 
ing ttxe concentrated ^iMxxy in a press uire vessel in the 
presence of saturated stQam at a pressure of at ieaafc 
75 pgig for a period of at l&a^t &ne~nalf hour to form 
the desired calcium silicate hydrate crystalline forms, 
c) thereafter gradually adfiing water to th© Blurry in 
the pressure vessel to dilute tha crystal -con tiining 
slurry &nd to simultaneously gxaduaXly radaee tlie tempera- 
tuKe and press ur© within tJie preaaure vessel to approici- 
mately iriljieiit pressure and a temperature below 21 2 
^) reiQOVing th& diluted slurry from tho pressure vossdl^ 
and s) forming it into the de^irod shape after which It 
is dried to obtain the sliaz^&d objects* If ^e&lrsd* 
fibrous T&infQXomjQnt may also be inoorpcrated into the 
ooooftpoeitloa dither before the hydrcthennaL format ion of 
cry&taXg or followij^g oa^yatalUzatlon but prior to 
moldlTig . 

T*ie hydro therinaJl crystallisation fttep of this 
ijivention ie conductad In a suitable praaaure vessel 
(^ioh nor^isally is a conventional autoclave) iwith pro- 
vision for agitating the slurry- The concentrated 
slurry 60(ntaiiilng the souroa of oalclm oxide and the 
sillofioue mat&rial, as well as any dofiired fibrous re- 
inft>rceiKie(nt ^ich will not be dagradea undsr the hy- 
drotherml conaiiions, is plaoed in the autoclave and 
hoated by high pressure saturated »team. The strain 
pr«flflure is gener^lXy within the range of from 75 to 
^ 500 psig^ preferably loo-^so psig; the taiaperatate will 

be that of the SEiturated atesm at the particular pressure 
<tlniB ovar this particular pressure range, the tdmpar^ture 

-5- 
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1 will range from laboiit 321^ P. to about 470»r> - ThE parti- 

cular proa Sure and aaaociate^d teinpBratur« which are uaed 
will bE aet&anftined J>y the predorafnan-b type! of djalcriuju 
silicate hydrate crystai which is dediredi Th6 time of 
reaction at the operating temper attars will also be de- 
termined by t3\e typ& at ory^teil form c£ tlitf* calclrnn 
silicate hydrate desired. Mojnviaily, the reaction time 
win be between {1.5 ana 20 houra , preferably 2-8 hours. 
Tho pairtioular hydjrothorjaial reaction conditions which 
10 favor the foociaticw of one cKy^talllna typ» ovax another 

are amply dEgorihed in the art. Bbi; iustanea, tj* s. 
Patent 2,665,P?e deacribeB th^ different conditions which 
favor rfispeotivaly the £oEmlatio^ t>t a calcivm silicate 
KydTat© vith the formula 4CaO'Ssi02 .5HaO or a o^lcium 
Bilidate hydrate with tha ^orxnula SCaO-fiSiOj .H^O . the 
partent aleo mentions other oonditions which Fwy lead bo 
the formation of gyrolite, calciiru silicate hyi^rate IX, 
hill^braxxait©, and/or oalcium aiXicate hydrate I- Siroi- 
iarly, U, S, Patent E, 501,324 degoribes the oonditiona 
which l*ad regpeotivaly to tdberniorite and xonctlite. 

Th© Slurry wlxich cocitains the aourca of caloiw 
OKitJe and the siliceoue laatftrial <and porhapg fibroua 
rainfioroemsnt) will have a water zsolida weight in 
range o£ from 3tX to 8:1^ pr^jferably 4»1 to fi.sa, Thia 
material is referred to hereii* as the concent rated 
slurry*" Morjually the auioujit of Ttfater present will be 
no more than that suffioient to permit an a^equat^ dis- 
persion of the solid materials and to pormit pr^^per 
growth of the -crystala during th« hydrothermal reaction* 
M It ia a principal- feature of this inTOntion that tho 

prooeBS does not involve tbft heatin9 ^^^r preseure of 
any vater other than that needed in or^er to permit 

r -6- 
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* pxopEj: oryatal growth. 

j:>ar±tx<j the 01:1^3 t«l lis at ion 9b<jpy the conCGn- 
trateO Blurry will be aylteited or etirred at least part 
Of tho tine. It is preferred that the agitation bd 
TOO^acrate an^ cranBt^nt during the crya ta 11 i zat i on step 
although if aegirtid, periodic agitation cat* be useti, 
in th* lattar case, it i& pireforred that th© Agitation 
be dMing the early portion of tlxe crystallizatJlon atep, 
and follow&d t>y a period of qulGScenoe p Agitation may 
1^ be arty aonvQntional msacis^ B\iqh ag paddles p blsided 

mixer fip «nd the like- the degree of agitation should be 
BVioh that thorough mining o£ the r&ACtantB is obtained 
bvt crystal formation is not substantially impeded. 
Operation of conveutional agitating devices in an ostium 
raanner mider the^e aonditione is weil writhin tba ekill 
Of those wrsed in the art of iftixlng and need not be 
furthw detailed li^re. 

Following completion of the crystallization 
step, tha supply of saturated ateam to the piressure vea- 
ael stopped. Tlie jihrase "completion of the crystalli- 
zation step" are u?ed herein refers to that point at 
t^ich essentially aU of the desired quantity of the 
ae>8lred type of crysfcalg have been ob-taiiaed in the slurry - 
It ift recognized that crystal growth does not halt in- 
stantly and that some crystal gjrcwth will continue dur- 
ing ths cooling and water addition phase of the proc?eaa , 
However X the amount of cxystale bo formod does not re- 
present a significant addition to the crystals alreaidy 
present and thBrefore, for praatic&l purposes, crystalli- 
^ eation can be considered to havs been coiapleted at the 

tiTOS the steam ia phut off and the water addition be^un. 
The vater addition ift accompiiehed by any 

-7- 
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1 convenient moans, wormally this will be by a piping 

armngenwint which parmits gradual adaieion of cool water 
to the hot coiice-ifltitated a<juooua eluryy. Alternatively 
or adaitianally, vater can be xntKOdUCad into th* prea- 
8ure veasel. by rfteans o£ spraying devices within tJie 
pi:essurE vGSfial- in any eveat, intrgaqction of the 
v?atBr materially cools and dilutes the csonOentratecl 
slurry, while airoultanaougly roducittg tho internal pres- 
sure in the vossqI by condanaing th6 steam* The rat^ 
10 of »at&r intxoduction 1^ regulated to maintain the 

TOaxiraiifl xats which can be attained without aeriouB dis- 
naptlon of the crystal Atsaa. In general, this maans 
that the watex introduction rate will be auch that at 
any givten p&riod of time the tawiperaturc of the water 
in ths aliucxy will be. Ie»a& than the boilijig temperatuife 
Ot water at th& preaeurs then p^aent in tha veasel* 
•HO accomplish thi^, it ia noraially required that there 
ba aome direct aooling of thG alurry Ltaelf , aa by water 
additiOtt directly into the slurry, rather than complete 
^ tsUance up^n sp>ray ccndenBation of the steam in the 

vaaael, i^he teohnl<3fiiea for accoinplishlng this contwHed 
cooldo4^n by water intxcductlon aj:e vroll known and axe 
readily within the abilities of thoee skilled in the art 
of operating prcoessee which involve the u^e of saturated 
steam- A preferred method is to introduce the vater In 
imftll amounts at spaced intervale of time* For instance, 
the total amount of water couLd bs addad in five equal 
increiwanta of one minute's addition each spaced apart by 
ten minute Intervals, 

The pr«saure in the pressure ve&eel will be 
reduced by the w^ter addition to aj>proxijnately ambient 
l^reasuro. "Approxlivuitely aiubient preeeture" ad used 
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^ heiiein miGiana a pressor a not escceeding 50 psig, but pcr^- 

ferably not excib^dirig 40 pa 19. it has bddn found th^t 
whtn the pressure in the pressure vessel ia below tHia 
levGl> the remaining a team may be fiafely vented to the 
atjrto^phere with little disruption of the crystalULne masa 
and a itvinimiuTn loss of heat energy. Furthoi?/ V*nting 
t\\e. re«i&inin^ a team to th& atinoBphere once thla pr^ssur^ 
r&tiga has been Machdd pErcnits significant ehcxtening 
ofi the process cyolo without sejcious advaraa affects on 

10 the quality of the pi;Diixict otitftincd. 

■the WAteriaoliiSe weight rr^itio of the aUubea 
aiMrry which is tdk«n froitx tha pressure vessel following 
wate^ flclditioti and coglipg will be about 8:1 to 3S:lp 
preferably ISsl to 2C:1. The particular conoetttration 
vilX be that ittoat wqenable to the specific toolding ai^a 
drying steps whicsh follow. ThuK/ a greater degree of 
^Jilution sikhances tho flow joroparties of the caloium 
^illoatQ hydrate iQaaa , {particularly if fibrous rftiftforca- 
K©nt ia present, in addition, the degree of dilution 

^ obtained will be to aoma extent dependent upon the aroowt 

of pregaur© rsduction and ooolliig requixBd in the preceding 
stap, A$ well as being ia part a function of the tempera- 
tuxa of the incoming Vater. 

Pol loving dilution of the oonce]\t rated Alurrj^ 
and attendant temperature and prea5^^e reductioAj the 
diluted slurry is removed from the presauxB vegael and 
fomied into the desired finished product, usually by mold- 
ing and drying* If deslr^, fibrous reinforcQJttant may 
be added prior to inoldin9. Stadi reinforcement may bo 

S& addition to any. fibrous reinforcement present in the 

initial gXiurry prior to oi^stallisatlon or it tnay cansti- 
tuta the Only f il^rous rainforeednient in the laateirial . 
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Filsroua niatorlal.& which Tiiay advanta^eoualy be added 
following EOmoval of the dilute alurry from the pr^s^re 
vessBl are those which wQXkld be adversely affected by 
thu tejuparature and p^re^gure ccnditiona in ths vessel, 
The dilute Bl«rxy of caXciuw silicate hydrate and any 
fibroua KoiQforoeicent. can be tnolded readily into any 
deaixed shape by ttie convantiorxal shaping procQgses swh 
as casnpr^ssion iwXdingp extrusion maldtng, casting i 
Bh^ping with fiit^ic press oi: wet Machine, etc. ttie 
molded Blurty snay bti dcied simply by allc^wing thfi slurry 
to stand undar awtient cAnditlone, Alt^rnativ^Xy , the 
alurxy xaay be ha&ted in a drying ettMC>sphei:e if faater 
drying ia desired, 

■die source of calcium oxide of the invention 
rtiay be Any of the conuiuon calcaxeo^is iiiatecials auch as 
quicklime p slaked lima^ acetylene residuum, oarblde 
reeiduiit^i, etc. The silicwxis material my include & 
natural ox: synthetio amoicphQus silica qx silicate or 
miKtur^B thereof, Typical sxatnpleB include quart a* 
silica acvr, ailigeoua ea»d, diatamaceoua earth, claya, 
ailica g&i, Etg, siDaii gmrauifita of other compounds in 
addition to ailioa inay be presEnt in the siliceoua ma- 
terial » such as ZLitiinina^ and in facrt may be advantageoua 
in the formation of particular orystalline fbrme of 
oalciwn Bilicate hydrate. "The mpie ratio of calcium 
oxida^ailicA will generally range fvom about Q.5;l to 
5p0:1 dependincF up«n the particular crystalline hydrate 
desired* fClie hioIe ratio will preferably be in the range 
o£ approKiiflately 0.'?5sl to 2-Cil. 

fibrous reinforcfefliOTt may be inorganic or 
organic! Cibr«iu» materiale, The inorganic materials will 
include a^bestoa fibers, rocJwool, and glass fibers. The 
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organic imterials will include natural Celltaiogic fibers 
atiia Synth tic fibrous muite rials atidh as ray one and iiylons. 
Fibrous materials whicih ats not advoraely a meted by 
tho reaction conditions in the presBwre VQSjiBla may bft 
adde^a eithei: before or aftsr the crystallization reaction* 
■ChtMe which axe d^aterioratod by zwh condition^ will be 
ai3dod fallowing the crystallization reaction?* 

'I'he shdped producta of the proceBB of thia in- 
vention may be uBe3 directly as obtained followi-Tvg the 
diving «tep. They laay ftiso, if ^^eslred, be coatad, 
painted or otherw4.Be furtbex prepared for theix ultimate 

5?he following example will iiliiatratd the pro- 
oeaa of tJiis invention. To 137 gallons of water heated 
in a l>I^eTOix©r to Z0O»p, were addt^d 9 5 pounds of pwdorad 
quart a a«d 9S pounda of fiydratod lime. These war* 
thorou^lily b landed to form a concentrated aluzxy having 
a vatQi::dolids weight ratio of 5,5:1. ilhe coA<5entrated 
Blurry was diarged to a preheated reactor which was 
oquippad with a variable apeed bladed stirrer, ihe 
reactor was charged with staam to a preeaure of 16 5 
pgigr thia pressure wa roaintaiued for four hours ^^ith 
ooMtant stirring of the Blurry by the inlxer rotating 
at 20 rpiw. At the end of the four hours, the steara 
supply was shut off and oooi water lntEO(aucod at the 
rata of 40 gallons per Tuinute for five one minute inter- 
val3, each aeparatod by a ten minute interval? the total 
water addition waa therefore 200 gallona. whorK the pres- 
duE© vas reduced to 35 pcig, the prasaure vessel waa 
^ esdiauated to the attno^fphere * The diluted slurry was 

. then iready for renooval from the pressure waael and 
fomiation into awald^d, dried ehapad objeota* 

-11- 
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^ ID another exaifte>le, the Cirystalliive calciwa 

sAlicatE liydrate was formed as described in tl^^ preced- 
ing paragraph, Fbl losing removal of th& diluted cryet^l- 
linB slurry from the pxe&sure V6a«alp six pounds of 1/S 
in<3h glass fiber ana four pountas of 3/^ inch 1.5 denier 
raycOT fibara were lolared directly into tbc diluted slurry 
and thorougbly dispersed. The fiber reinf^jcced material 
was then ready for molding and drying* 

^1© fiber reinforced products of tliis inven- 
^^^^ noEKially have avej^ag* densities in the raago of 
11-5 to 14, S ib&/ft^, m&dulli o£ rupture (dry) on the 
order of 100 £ieir and co»pre&fiiviGi etrergth {dry) on the 
order of 180 pai. thermal conductivity at 700*F. lOEan 
tewiperaturs is on the order of 0-7 fimu-in/hr-ft^-^F, 
Shea 6 veili39& ooinparft fivorably with, and in soma cases i • - 

sjcdaed, the ooi:res poftd ing voiu&s for ael^estoc^ fiber r a in- 
fo reed ofllciura silicate materials fojcined by prioi: art 
piiooesAea. TJhe prooe^e of this invention, therefore ,r is - 
capAbXe of ptoduolng aAtiafactory (in same caaes superior) 

M calcium silicate materials for insulation and other usdfl 

While yst avoiding many o£ th^ disadvantages of th<s 
priw art prooessea. Moat notably, the Xan^tb of the "V 
overall proc Baaing cycle can be stibatantially reduced 
by the prooess of thie inv&ntion with no adverse affect •;' 
u(>on thft product quality* 

The above description details the iiwftntion 
and ^&ts forth illustrative fixaTAples of material e and 
fiiflbodiipenta of the invention* It will bo iit^ediately 
apparent to tho^e ofclllad in the art| ox will boooias bo *; " . 

^ upon practice of the invention , that thexd are nuraeroua ■ . 

Other ftwibodiiB3Qta clearly vithin- the scope and apirlt £ /' 

of this invention, Conttfi^uently * the «cope of the 

-12- 
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* invention ia to be <5et3rminea Solely from the ajjpended 

claims* 
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